A density matrix approach for describing intramolecular dynamics, with special application to vibrational relaxation in excited electronic states, is presented. We derive the master equations governing intramolecular transfer of excitation energy between the states in a zeroth-order basis defined by considering the excitation and detection conditions in the time-resolved experiments. It is shown that, in this formalism, the memory function plays a central role. We note that the form of intramolecular memory is determined by the importance of quantum mechanical mixing of the zeroth-order states. A distinction is made between the subsystems of states with strong and weak mixing properties; while the former account for quasiperiodic character of coherent motion, the latter display a Markovian behavior. The physical conditions fixing the relative importance of quasiperiodic and statistical dynamics in individual systems are discussed. In the application to time resolved intramolecular vibrational relaxation, special consideration is given to the nature of the initially excited doorway states and the intermode couplings. The symmetry restrictions and the possible role of rotational motion in vibrational relaxation are also discussed, before considering the recent results obtained by Zewail et al. with anthracene in the first excited singlet state.
INTRODUCTION
There has recently been an increased activity in the experimental and theoretical studies of intramolecular vibrational relaxation (IVR) in the presence of other competing processes like fluorescence, isomerization and fragmentation. [1] [2] [3] [4] [5] [6] [7] [8] [9] The time resolved observation of IVR is of particular interest, and experimentally most convenient, for vibrational levels in electronically excited states, where the initial level can be prepared by impulsive laser excitation and where temporal evolution can be followed by fluorescence. 1'3'4'8'9 An interesting example of such experiments, concerned with IVR in the lowest excited singlet state of isolated anthracene molecules, has been reported by Zewail et al. 1 It is the purpose of this paper to present a density matrix approach for describing intramolecular dynamics, with special application to vibrational relaxation in excited electronic states. In Section 2, we derive the generalized master equations governing intramolecular transfer of excitation energy between the states of the zeroth-order basis (doorway and hallway states), that are determined by the impulsive excitation conditions. It is shown that, in this formalism, the memory function plays the central role in representing the details of intramolecular dynamics. This is analysed in Section 3, by noting that nature and extent of intramolecular memory are determined by the strengths of quantum mechanical coupling and mixing of the zerothorder states. 4 A distinction is therefore made between the subsystems of states that are strongly or weakly mixed: for the former, the quasiperiodic character of coherent motion is reflected by the corresponding terms of the memory function; for the latter, an ultra-short memory, Markott approximation is generally valid, which leads to a stochastic limit of intramolecular motion. The physical conditions fixing the relative importance of these extreme dynamical modes in individual systems are discussed in a way related to the current understanding of molecular radiationless transitions. We also consider briefly the relationship with other recent classical or quantal descriptions of quasiperiodic and stochastic behavior in molecules. 6'7 In Section 4, the theoretical treatment is applied to time-resolved IVR in excited electronic states of polyatomic molecules. Here, special consideration must be given to the nature of the initially excited doorway states and the concomitant couplings with the other vibrational modes. The discussion of the mechanisms involving Fermi resonance and Coriolis interaction stresses the importance of symmetry restrictions and the possible role of rotational motion in IVR.
As an illustrative example, we consider in some detail the recent results obtained by Zewail et The time resolved properties of a molecular system are best described in a zeroth-order representation essentially determined by the experimental excitation and detection conditions. 4 One thus introduces a model where a clear distinction is made between the doorway states, which can be initially prepared by impulsive excitation and the remaining states (hallway states). These 
which are respectively submitted to strong (l') and weak (l") mixing with the doorway state. The ME's thus all include terms with an without intramolecular memory. In Eq. (2.13) 
where W' (t) is the transform of expression (2.21).
The experimental observables are directly related to the density matrix elements given by these ME's. In photophysical measurements, for example, the fluorescence from the initially excited doorway state (prerelaxation or resonance fluorescence) has the intensity and quantum yield respectively given by:
,,(r) ( The manifold of hallway states includes all the states not excited by the electronic symmetry allowed transition. 24 They correspond to the non-totally symmetric species (fundamentals and overtones) and may include the majority of low frequency oscillators, hence forming a relatively dense manifold. The radiative vibronic transitions (S-So) with initial non-totally symmetric vibrational modes take generally place without shift of the equilibrium position, so that the vibrational occupation number does not change. But there is usually a notable change of the vibration frequency, which is generally larger in the electronic ground state S0. 25 As a result, the corresponding spectral lines are red-shifted with respect to the resonance fluorescence lines from the isoenergetic doorway levels, that usually involve only minor frequency changes. The diffuse, red-shifted fluorescence spectra in polyatomic molecular systems are thus usually attributed to radiative transitions from the hallway manifold: [3] [4] [5] wavelengths, i.e., with excitation energies larger than 1400cm -, when the totally symmetric C--C stretching mode is excited, it is found that the relative intensity of the narrow hot bands is strongly reduced, while the red-shifted diffuse spectral components appear with a relative importance increasing with the excess energy. This indicates that at such energies, the large molecule limit is reached where vibrational intermode relaxation progressively sets in according to the statistical limit, for which eqs. (3.8)-(3.10) apply; the weakly mixed hallway modes involved are presumably the low energy out-ofplane motions mentioned above.
In the neighborhood of the 1400 cm -1 doorway excitation energy, where Markovian redistribution begins to be detectable, Zewail 
